Introduction
One of the molecular tools that can have promising application in gene therapy is the design of novel genes with modified functions. In particular, artificial genes producing DNA-binding proteins with new or altered specificity can be used to target selectively DNA sequences, like genetic differences in hereditary diseases, in pathogens and/or transformed cells. [1] [2] [3] [4] [5] [6] [7] In the large class of proteins capable of binding DNA, zinc finger proteins have been preferred for the design of artificial transcription factors on the basis of structural plasticity and modularity. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] As a result of the work of several research groups, a code that relates the amino-acid sequence of a single zincfinger domain to its associated DNA nucleotide triplet target has been established. This 'code' is described as 'syllabic', depending not only on invariant amino acid/base pair correspondence, but also on structural characteristics of every single zinc finger module and the context in which it is found. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The application of this 'code' permits the design of zinc finger domains potentially able to target a desired sequence. 5, 7, 11 Using the available code, we engineered new zinc-finger based transcription factors capable of binding and activating transcription from the promoter of the dystrophin related gene, 'utrophin'. Dystrophin and utrophin display a high entire zinc finger ␣-helix region, containing the amino acid positions that are crucial for DNA binding, was specifically chosen on the basis of the contacts more frequently represented in the available list of the 'code'. Here we demonstrate that Jazz protein binds specifically to the doublestranded DNA target, with a dissociation constant of about 32 nM. Band shift and super-shift experiments confirmed the high affinity and specificity of Jazz protein for its DNA target. Moreover, we show that chimeric proteins, named Gal4-Jazz and Sp1-Jazz, are able to drive the transcription of a test gene from the human utrophin promoter. Gene Therapy (2000) 7, 1076-1083.
degree of homology that extends over the entire length of the two proteins, suggesting that both derive from a common ancestral gene. [21] [22] [23] Data demonstrating that dystrophin and utrophin are associated with similar protein complexes suggest that the homologies between these two polypeptides are not only structural but also functional. [24] [25] [26] [27] In mouse skeletal muscles, dystrophin is localized on the inner surface of the sarcolemma and accumulates to higher concentration at the neuromuscular junction, while utrophin is confined to the neuromuscular junction. 26 An up-regulation of the utrophin gene in muscle has been proposed as a potential therapeutic approach for Duchenne muscular dystrophy 28 (DMD). Recent data, demonstrate that mdx mice transgenic for a truncated version of the utrophin gene show an amelioration of the dystrophic phenotype. [29] [30] [31] On the basis of these data, we engineered a synthetic zinc finger protein, named Jazz, intended to bind the utrophin promoter and up-regulate the transcription level of the utrophin gene. Jazz has been designed to recognize the target sequence 5Ј-GCT GCT GCG-3Ј (named 'J') present in the promoter region of the human and mouse utrophin genes. 32 Here we report on the DNA binding affinity/ specificity of the new artificial Jazz protein. Furthermore, we describe two artificial Jazz chimeric transcription factors: Gal4-Jazz and Sp1-Jazz, capable of driving transcription from the human utrophin promoter. In order to mimic a natural protein model, Sp1-Jazz was obtained by replacing the three zinc finger motifs of the human Sp1 transcriptional factor 33 with Jazz fingers.
Results
Design of the Jazz gene In previous work we described the DNA binding activity of two artificial zinc finger genes. 5, 7 Here we present the biological properties of a new artificial zinc finger gene, 'Jazz'. As shown in Figure 1 , Jazz was constructed to have the highest probability of targeting the DNA sequence (5Ј-GCT-GCT-GCG-3Ј) 'J' present both in the human and mouse utrophin gene promoter region. 32 The target 'J' has been chosen, since its DNA sequence is compatible with the appliance of the 'proposed code' and it is perfectly conserved between human and mouse utrophin promoters. Moreover, the DNA region in proximity of the J target includes conserved elements as 'N and E' boxes, suggesting the possibility of a favorable conformation of the chromatin in terms of transcription factors accessibility.
Jazz gene consists of a DNA fragment 282 bp long, that encodes for a peptide 95 amino acids long, containing three zinc-finger domains ( Figure 1 ). The zinc finger backbone used to construct Jazz is related to the Zif268 gene product. 34 The Jazz DNA binding specificity has been assigned on the basis of the available list of 'code' signatures that relate zinc finger primary structure to potential nine base pair DNA binding targets. Each finger domain appears to behave as an independent DNA binding module, specifying three base pairs in adjacent but discrete subsites, essentially on one DNA strand. 11 In particular, the zinc finger section of the Zif268 gene has been modified at positions −1, +3, +6 of the ␣-helix, described to be crucial for DNA binding specificity. 9, 11, 12, 29, 35 Specifically, we have modified the second and the third fingers, choosing the amino acid more frequently selected in a specific DNA base contact. The resulting Jazz protein structure was the following: the third finger domain, at the carboxyl-terminal region, was designed to recognize the DNA triplet 5Ј-GCT-3Ј, the second finger was similar to the third, recognizing the same triplet 5Ј-GCT-3Ј. The first finger was kept invariant and potentially recognizes the same DNA triplet, 5Ј- Gene Therapy GCG-3Ј, that it recognizes in the Zif268 protein. Zinc finger protein recognition of DNA involves an antiparallel arrangement of the protein: the amino-terminal region is involved in 3Ј contacts with the target sequence, whereas the carboxyl-terminal region is involved in 5Ј contacts. Thus, the Jazz protein represents one of the 'best' zinc-finger peptides able to bind the DNA target 'J', realized on the basis of the available list of the 'code'.
GST-Jazz DNA binding activity The bacterially produced and purified GST-Jazz protein was used in electrophoretic mobility shift assays (EMSA) to test its ability to bind the putative DNA target sequence. Figure 2 shows an evident shift of the oligonucleotide probe containing the double strand J DNA target in the presence of the GST-Jazz protein (lane 3). Formation of the complex GST-Jazz/DNA was inhibited by competition (1:100-fold molar excess) with the unlabeled J target (lane 2), while no competition was observed in the presence of a mutant oligonucleotide named M used at two different concentrations (lane 4, 1:100-fold molar excess; lane 5, 1:50-fold molar excess). As a further proof of specific DNA-protein interaction, no signal was detected when GST-Jazz was incubated in the same buffer conditions with the labeled oligonucleotide M (lane 7).
The minor top band present in lanes 3, 4 and 5 is probably due to polypeptide dimerization, actually it is
Figure 2 GST-Jazz fusion protein DNA binding activity analyzed by EMSA. Binding of GST-Jazz to the 'J' DNA target probe (lane 3). Competition assays were performed adding to the reaction mixture: 100-fold molar excesses of unlabeled DNA target 'J' (lane 2), 100-fold and 50-fold molar excesses of the mutant target 'M' (lane 4 and 5). GST-Jazz was incubated with the labeled mutant target 'M' (lane 7).
detectable also when other both natural and synthetic GST-Zinc Finger/DNA-target complexes are analyzed by EMSA. 5, 7 Moreover, to build up a more subtle definition of the contribution of each Jazz zinc finger to DNA binding specificity, oligonucleotide mutants were assayed in EMSA, changing only one of the triplets of the target sequence at a time. As shown in Figure 3a , GST-Jazz binds J probe with affinity and specificity strikingly higher than Jm1, Jm2 and Jm3. In particular, in presence of Jm2 target, whose mutation affects the central triplet of the J target, Jazz DNA binding is dramatically compromised. Finally, to test further Jazz affinity and specificity toward J target, we have assayed GST-Jazz in EMSA using as a probe other GC-reach target sequences belonging to natural zinc finger transcription factors (Sp1 and Zif268). As shown in Figure 3b , in the presence of GSTJazz (lane 2), the signal of J target shift is strongly higher than those obtained with both Sp1 and Zif268 targets (lanes 4 and 6). In particular, Zif268 shift is almost undetectable. These data taken together indicate that GST-Jazz protein binds efficiently its 'code programmed' J target and demonstrate that the proposed code has been used with success.
GST-Jazz dissociation constant determination
The affinity of the GST-Jazz peptide for the 'J' target was accurately determined by measuring the relative dissociation constant (Kd). To this purpose, we performed band shift experiments using increasing amounts of GSTJazz purified protein combined with a constant amount of the DNA target J. As shown in Figure 4a and b, under our experimental conditions, we obtained, relative to the double stranded DNA target, a Kd of about 32 nm. This Kd is comparable to the values obtained for other artificial and natural zinc finger proteins. 
Expression of Jazz in eukaryotic cell lines
To study the biological activity of Jazz protein we expressed the synthetic protein in mammalian cell lines (Figures 5 and 6 ). To this end, we engineered two constructs containing different chimeric genes: Gal4-Jazz and Sp1-Jazz. Gal4-Jazz protein consists of the Jazz finger region fused to the transcriptional activation domain derived from the yeast Gal4 protein. 36 The SV40 nuclear localization signal and the HA epitope have been inserted in the central portion of the resulting protein Gal4-Jazz (Figure 6a ). Sp1-Jazz was obtained by replacing, using PCR amplification and cloning, the three zinc fingers of the natural Sp1 protein 33 with the three Jazz finger motifs. The Myc epitope tag has been inserted in the NH 2 terminal portion of the Sp1-Jazz chimera protein (Figure 6b ). The resulting molecules were expressed in HeLa and 3T3 cell lines under the control of the promoter/enhancer regions derived from cytomegalovirus (CMV). Immunofluorescence assays were performed with anti-Ha-tag antibodies (Gal4-Jazz) and anti-Myc-tag antibodies (Sp1-Jazz). The results obtained showed a nuclear localization for both Jazz chimeric proteins (data not shown).
Sp1-Jazz DNA binding activity To study Sp1-Jazz DNA binding properties we performed EMSA using cell nuclear extracts, derived from a NIH3T3 G418 selected pool of clones expressing Sp1-Jazz including the myc tag epitope (see Figure 6a ). In Figure  5a The EMSA specific patterns of chimeric Sp1-Jazz and endogenous Sp1 proteins are comparable as expected. Therefore, we can conclude that the protein Sp1-Jazz, present in the nuclear extract, is able to bind with high affinity and specificity to the target J.
Gal4-Jazz and Sp1-Jazz transcriptional activity To test whether Gal4-Jazz and Sp1-Jazz proteins were able to modulate the expression of a test gene driven by Gene Therapy the human utrophin promoter, both pRK5/Gal4-Jazz and CS2-MT/Sp1-Jazz constructs were separately transfected into human HeLa cells. The luciferase expression plasmid pXP-Wt used as reporter vector in luciferase assays experiments, contains a small utrophin promoter portion 32 (316 bp), as shown in Figure 6c . The Jazz DNA binding site J, contained in the pXP-Wt construct, is located in nucleotide position 442 of the human utrophin promoter sequence (HH fragment, EMBL accession No. X95523). As shown in Figure 6d , the measure of luciferase activity revealed about five-fold induction of the pXP-Wt plasmid by both Gal4-Jazz and Sp1-Jazz proteins. As expected, the co-transfection of the construct pRK5/Jazz, containing only the zinc finger region, did not give any luciferase induction activity. To confirm that the transcriptional activation is related to the binding of Jazz chimeric proteins to the nine base pair 5Ј-GCT GCT GCG-3Ј 'J' sequence, we mutated the pXP-Wt construct in correspondence of the central triplet of the J sequence (see Figure 6c ) and we tested the resulting pXP-Mut construct in LUC experiments. As expected, any relevant induction of pXP-Mut luc activity was detected upon co-tranfection with Jazz and chimeric Jazz proteins expression vectors (see Figure 6d) . To prove the transactivation specificity of Jazz chimeric proteins further, we engineered a synthetic promoter/enhancer DNA fragment containing multimer-
Figure 6 (a) Schematic representation of Gal4-Jazz chimeric protein. (b) Schematic representation of Sp1-Jazz chimeric protein. (c) Diagram showing the restriction map of the 1.25 kb HindIII human genomic fragment containing the utrophin promoter. The utrophin promoter portion present in the pXP constructs is indicated. The nucleotide sequence of the 'J' target is reported and its position in pXP-Wt construct is indicated by an arrow. The mutated J target present in pXP-Mut is reported, the mutated nucleotides are shown in lower case. (d) Trans-activation of pXP-Wt and the mutated pXP-Mut constructs by Jazz, Gal4-Jazz and Sp1-Jazz chimeric proteins. Histograms show fold of induction of pXP-Wt and pXP-Mut utrophin promoter reporter constructs, obtained upon co-transfection with Jazz, Gal4-Jazz and Sp1-Jazz expression vectors in HeLa cells. The data reported are the average of 10 independent transient transfection experiments for pXP-Wt construct and four independent transient transfection experiments for pXP-Mut construct. (e) Trans-activation of pGL3(J)5Ј construct by Gal4-Jazz and Sp1-Jazz chimeric proteins. In HeLa cells pGL3(J)5Ј construct, containing six copies of the 'J' target upstream of the SV40 promoter, was separately co-transfected with Gal4-Jazz and Sp1-Jazz expression vectors. Histograms show fold of induction of pGL3(J)5Ј construct compared with pGL3 empty vector, used as control. The data reported are the average of four independent transient transfection experiments.
ized copy of J target sequence. The resulting DNA regulatory element was inserted upstream of the transcription start site within a SV40 promoter-LUC gene plasmid pGL3(J)5Ј. As shown in Figure 6e , the measure of luciferase activity of this reporter construct in HeLa cells, revealed about five-fold induction upon co-transfection with pRK5/Gal4-Jazz and about four-fold induction with Sp1-Jazz protein. These results, together with the band shift data reported above, strongly support the notion that Jazz chimeric proteins are able to activate transcription from a test gene through binding to the nine base pair J sequence present in the human utrophin promoter.
37,38

Discussion
The possibility of designing and engineering peptides containing zinc-finger domains able to recognize specific DNA sequences has been recently demonstrated. In particular, a 'code' relating the primary structure of a single zinc finger to its DNA target has been proposed. The code is incomplete and in part degenerate, but it can still be used to produce optimal zinc finger domains for many desired target sequences. Using the list of the recognition code signatures selected by Choo and Klug, 9, 35 we have constructed several synthetic zinc finger genes. 5, 7 Here we report the design, construction and functional characterization of the novel artificial gene, Jazz, which is able to bind and activate transcription from the promoter of the dystrophin related gene 'utrophin'. Using different approaches, we have shown that Jazz protein is able to recognize the predicted target 'J', with affinity and specificity. Notably, the complex Jazz/'J' target shows a relative Kd of 32 nm comparable to the value determined for several natural and synthetic zinc finger proteins. 5, 7, 19, 20 These data indicate that the complex Jazz/'J' target is almost as stable as other natural and synthetic zinc finger proteins associated with their corresponding DNA targets. One of the crucial points in designing and selecting synthetic zinc finger peptides is the calibration of correct binding affinity/specificity. 10, 11, 15 Zinc finger amino acid positions '−1, +3 and +6' of the ␣-helix have been described to be fundamental for the DNA target recognition and for the related code, but many other factors influence zinc finger DNA binding properties; for example: (1) the structure and the context of the DNA binding sites; (2) the coupled interactions where one amino acid is supported by another in contacting the DNA, as described in the case of position +2 of the ␣-helix. 7, 8, 18, 39, 40 Moreover, in the cell environment a hypothetical transcription factor is often able to bind multiple DNA targets with different degrees of affinity, exerting in this way an additional level of transcriptional regulation. 41 For natural transcription factors, calibration of DNA binding specificity in relation to multiple DNA binding sites has been accurately selected during evolution, so that they can correctly work in the proper pathways. Of course, artificial transcription factors, that are ideally realized to target a single promoter, by chance can have multiple DNA targets. This latter phenomenon needs to be empirically investigated. Statistically assuming random base distribution, a 9 bp long DNA target sequence, is present in the human genome (approximately 3.5 × 10 9 bp) about 1.3 × 10 4 times. Actually, a target sequence to be unique in the genome, is required to be at least 16 bp long. Of course, we can assume that only a small portion of these potential sites are accessible to DNA binding proteins. Moreover protein/protein interactions represent a further level of transcription regulation. A recent paper demonstrates that Sp1 protein, using its zinc finger domain, interacts with the muscle specific transcription factor myogenin. 42 Interestingly, myogenin contacting Sp1 zinc finger region can potentially modify Sp1 DNA binding affinity/ specificity. To test the biological activity of synthetic Jazz in mammalian cell lines, we constructed distinct Jazzbased transcription factors: Gal4-Jazz and Sp1-Jazz. In particular, Sp1-Jazz, was made specifically with the intent to mimic the natural Sp1 protein, thus reducing additional effects such as protein stability and severe immuno-reactivity. The disguising of Jazz in the context of the ubiquitous Sp1 protein, can therefore represent a starting point to approach a gene therapy project. We demonstrate that Jazz activates transcription from both natural and synthetic utrophin promoter/enhancer.
Gene Therapy
However, proteins designed on the basis of the available 'code' need to be empirically tested for the DNA binding properties, exactly as we did for Jazz. The empirical approach we used in designing artificial peptides contributes to the development of the field of protein engineering. In addition, these data are of interest for the development of drugs that up-regulate utrophin for the treatment of DMD.
Materials and methods
Construction of Jazz gene
The construction of Jazz gene was performed as described by Corbi et al. 5, 7 Briefly, following as a model the three zinc-finger peptides backbone of Zif268 protein, 34 we synthesized two overlapping oligonucleotides, named Jazz-5Ј (153 nt) and Jazz-3Ј (160 nt), respectively. Using a 20 nt long overlapping region, 5 g of each oligonucleotide was annealed, in a total volume of 50 l in the following buffer: 10 mm Tris-HCl (pH 7.5), 5 mm MgCl 2 , and 7.5 mm DTT. The reaction was heated at 75°C and slowly cooled to 37°C. Four microliters of 10 mm dNTP and 2 l (10 U) of Klenow (New England Biolabs, Hitchin, UK) were added and then incubated at 37°C, for 20 min. One microliter of the resulting mixture was used as template for the following amplification reaction: (94°C, 30 s; 60°C, 30 s; 72°C, 1 min) × 30 cycles, plus 10 min, 72°C, using as primers two 20 nt long oligonucleotides: (TM24; 5Ј-GCT AGC GTG ACA GAC CCT AT-3Ј and TM25; 5Ј-TCC GCT CGA GAT CAT TTT GC-3Ј), located at the ends of the 282 bp long DNA fragment (Figure 1 ). The amplification reaction was checked on a 1.5% agarose gel and 2 l of the reaction were ligated into the pGEM-T Easy Vector (Promega, Madison, WI, USA). Jazz DNA fragment has been then restricted with NheI and XhoI enzymes (New England Biolabs) and subcloned into pRK5-HA vector (pRK5-Jazz) in order to add the specific HA tag sequences. 43 Expression of bacterial recombinant fusion protein Jazz DNA fragment has been sub-cloned in pGEX-4T-3 expression vector (Pharmacia Biotech, Uppsala, Sweden). The recombinant molecule was expressed in BL21 (DE3) host bacteria by IPTG induction and purified using glutathione-agarose beads. 44 The eluted GST-Jazz fusion protein was dialyzed against the following buffer: 20 mm Hepes (pH 7.9), 100 mm KCl, 1 mm DTT, 2 mm MgCl 2 , 20 m ZnCl 2 , 10% glycerol. Purification of recombinant protein was checked by Coomassie blue staining of SDS polyacrylamide gels.
Electrophoretic mobility shift assay (EMSA)
The EMSA were performed incubating 0.5 to 1 ng of oligonucleotide probe (double strand) DNA with the purified GST-Jazz protein (0.2-2 g). Incubation of the DNA/protein complex was performed at room temperature for 30 min in a final volume reaction of 25 l of the following binding buffer: 20 mm Hepes (pH 7.9), 100 mm KCl, 1 mm DTT, 2 mm MgCl 2 , 0.02% NP40, 20 m ZnCl 2 , 10% glycerol, 50 g/ml BSA, 100 ng of poly(dI-dC). After incubation the mixtures were loaded on to a 6% polyacrylamide gel (30:1 acrylamide/bisacrylamide) and run in 0.5 × TBE running buffer at room temperature. The oligonucleotide used as probes, containing either one or two copies of the code 'J' target (underlined), were: 5Ј-ATTAACC-GCTGCTGCG-GGCTGCTCC-3Ј and 5Ј-TC GACG-GCTGCTGCGGGCTGGGAG-GCTGCTGCG-GGC TGGGAG-3Ј. The DNA sequence of the mutagenized oligonucleotide, named M, was: 5Ј-ATTAACC-ATGTGGGTT GGCTGCTCC-3Ј. The DNA sequence of the mutagenized oligonucleotides 'Jm1', 'Jm2' and 'Jm3Ј were: 5Ј-TTCGATCGTTAGCTGCGGAGC-3Ј, 5Ј-TTCGATCG GCTTTAGCGGAGC-3Ј and 5Ј-TTCGATCGGCTGCTTTT GAGC-3Ј, respectively. The DNA sequence of Sp1 target was: 5Ј-TTCGATCGGGGGCGGGGCGAGC-3Ј. The DNA sequence of Zif268 target was: 5Ј-TTCGATC GCGTGGGCGGCGAGC-3Ј. The oligo probes used in EMSA were first annealed with a complementary oligo having TTT 5Ј overhanging, and then labeled using a terminal Klenow reaction. In competitive experiments, unlabeled oligonucleotides were added at 100-and 50-fold molar excess of the amount of labeled DNA. Super-shift of Sp1-Jazz protein was obtained adding 3 l of monoclonal antibody to myc tag 9E10, super-shift of Sp1 was obtained adding 2 l of Sp1 (IC6) mouse monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA). In detail, to measure the 'apparent' dissociation constant 5, 7 (Kd) we performed binding reactions with the oligonucleotide probe containing two copies of the DNA target J (10 kcpm, correspondent to Ͻ1 ng) and GST-Jazz peptide using a dilution series between 10 and 200 nm. We determined the fraction of labeled DNA oligonucleotides bound at different peptide concentration (GST-Jazz) with a PhosphorImager (Molecular Dynamics, Amersham Pharmacia Biotech, Uppsala, Sweden) using ImageQuant program. Percentage of input DNA retained at each protein concentration was plotted in a graph (Figure 4b) , where, for our purposes, the protein concentration at 50% saturation was assumed as the equilibrium dissociation constant.
To prepare small-scale nuclear extracts from mammalian cell lines the plates were washed with PBS, cells were collected by centrifugation and re-suspended in 400 l of hypotonic buffer (10 mm HEPES at pH 7.9, 10 mm KCl, 0.1 mm EDTA, 0.1 EGTA, 1 mm DTT, 0.5 mm PMSF). Cells were incubated on ice for 15 min, after which 25 l of 10% solution of Nonidet NP-40 was added. After brief centrifugation the nuclear pellet was re-suspended in 50 l of cold buffer (20 mm HEPES pH 7.9, 0.4 m NaCl, 1 mm EDTA, 1 mm EGTA, 1 mm DTT, 1 mm PMSF) and incubated on ice for 15 min. After centrifugation the supernatant was collected, 1-2 l of extract (approximately 2-5 g protein) were used in EMSA.
Construction of Jazz chimeric proteins and mutagenesis
In order to obtain Jazz protein fused to the yeast Gal4 activation domain, 36 the Jazz DNA fragment was cloned in-frame in the yeast vector pACT-II (Clontech Laboratories, Palo Alto, CA, USA). From the resulting construct (pACT-II/Gal4-Jazz) a HindIII fragment, containing the complete ORF 'Gal4-Jazz' (Figure 6a ), has been subcloned into the mammalian pRK5 expression vector. The Sp1-Jazz construct was prepared by replacing the DNA fragment coding for the three zinc fingers of human Sp1 cDNA with the DNA coding for Jazz protein (Figure 6b ). The finger substitution has been obtained in a multistep cloning, involving a PCR amplification of Jazz finger region using oligo primers carrying appropriate restriction enzyme sites and subsequential insertion/replacing into the Myc-tag-CS2-MT mammalian vector expressing Sp1 protein. The Myc-tag-CS2-MT vector was kindly provided by Dr V Sartorelli (University of Southern California, Los Angeles, CA, USA). The GenBank accession number of Jazz gene is AJ243577. All constructs have been checked by nucleotide sequence analysis, performed using the Sequenase Kit according to the manufacturer's instructions (Amersham Life Science, Cleveland, OH, USA).
The pXP-Wt construct, previously described, 32 contains the XhoI-PstI DNA fragment, 316 bp long, of the human utrophin promoter (see diagram in Figure 6c ) cloned in the pGL2 Basic vector (Promega). Mutations in the J target sequence of pXP-Wt construct were introduced using the Quick change mutagenesis kit (Stratagene, La Jolla, CA, USA) following the manufacturer's instructions and verified by DNA sequencing. To perform the mutagenesis reaction two complementary oligos were used. The nucleotide sequence of the sense oligo was CAGCCAAGCGCCGAGCCGG GCT tta GCG GGCTG GGAGGGCGGGCAGG, where the J target is underlined and the mutated residues are in lower case.
Cell lines, transfections and reporter gene assay Human HeLa and mouse NIH3T3 cell lines were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal calf serum. The transfection experiments were carried out using Lipofectamine (GibcoBRL, Life Technologies, Rockville, MD, USA) according to the manufacturer's instructions. Transient transfections were carried out using 2 g of either pXPWt, or pXP-Mut, or pGL3(J)5Ј reporter constructs, with 6 g of Jazz, Gal4-Jazz, Sp1-Jazz expression vector, respectively, and 1 g of pCMV ␤-galactosidase plasmid. Cells were harvested into 900 of reporter lysis buffer (Promega). Cell extracts were prepared and assayed for LUC activity, according to the manufacturer's instructions of LUC luciferase assay system kit (Promega), using the luminometer Berthold LB9506. Total protein in the extracts was determined by Bradford assay and LUC activity of equal amount of protein was determined and normalized for ␤-galactosidase activity. NIH3T3 cells expressing Sp1-Jazz were obtained by co-transfection of CS2-MT/SP1-Jazz and the selector vector pSV-Neo in a ratio of 20:1. After transfection cells were selected growing in 0.8 mg/ml G-418 for 10 days. Individual clones were pooled and maintained in complete medium containing 0.4 mg/ml G-418.
